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SHEET FOLDING APPARATUS, IMAGE
FORMING APPARATUS, AND IMAGE
FORMING SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority to and incorporates
by reference the entire contents of Japanese Patent Applica-
tion No. 2012-278358 filed in Japan on Dec. 20, 2012.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a sheet folding apparatus
that performs folding processing on a sheet, an image forming
apparatus equipped with the sheet folding apparatus, and an
image forming system.

2. Description of the Related Art

A conventional image forming system is known that is
equipped with a sheet folding apparatus that performs folding
processing on a sheet on which an image is formed by an
image forming apparatus. A sheet folding apparatus is known
that performs folding processing in which a bend formed on
a sheet in a conveying path is nipped and conveyed between a
pair of folding rollers that is a pair of roller members to form
a folded part.

A sheet folding apparatus described in Japanese Patent
Application Laid-open No. 2007-277006 includes a pair of
upstream rollers and a pair of downstream rollers that are
disposed along a sheet conveying direction and that hold a
part of a sheet to apply conveying force to the sheet. The sheet
folding apparatus also includes a pair of folding rollers that
forms a folded part on the sheet by nipping a turned-back
portion formed between the pair of upstream rollers and the
pair of downstream rollers by bending the sheet. The follow-
ing describes how the sheet folding processing is performed.
The pair of upstream rollers and the pair of downstream
rollers each hold a part of the sheet, and the pair of down-
stream rollers applies conveying force to the sheet to reverse
the sheet upstream in the sheet conveying direction, thereby
forming a turned-back portion on the sheet between the pair
of upstream rollers and the pair of downstream rollers. The
turned-back portion thus formed is then guided to and nipped
between the pair of folding rollers to form a folded part on the
sheet.

When a stiff sheet such as thick paper is used, for example,
poor folding may occur because the turned-back portion
formed by reversing the pair of downstream rollers cannot be
nipped between the pair of folding rollers depending on the
thickness or the type of the sheet.

A sheet folding apparatus described in Japanese Patent
Application Laid-open No. 2006-52074 includes a pushing
member that is movable between a pushing position at which
the pushing member pushes a turned-back portion of a sheet
in the thickness direction of the sheet toward a nip between
the pair of folding rollers, and a retracted position at which the
pushing member is retracted from the pushing position.

The pushing member moved from the retracted position to
the pushing position pushes the turned-back portion into the
pair of folding rollers, so that the turned-back portion is surely
guided into the nip between the pair of folding rollers. Pro-
viding such a pushing member enables appropriate folding
processing.

A sheet folding apparatus, for example, can be smaller in
size when it is not provided with a conveying path dedicated
for folding processing inside the apparatus. This is possible
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when the sheet folding apparatus is provided with a pair of
folding rollers in a conveying path that conveys a sheet to an
apparatus such as a sheet post-processing apparatus disposed
downstream of the sheet folding apparatus. With this configu-
ration, when the pair of folding rollers does not form a folded
part, the sheet folding apparatus switches a direction in which
the leading end of the sheet proceeds by a bifurcating claw, or
the like, from a direction from the pair of upstream rollers to
the pair of downstream rollers to a direction from the pair of
upstream rollers to the pair of folding rollers. The sheet fold-
ing apparatus then needs to change the course of the sheet so
that the leading end of the sheet proceeds from the pair of
upper rollers through the pair of folding rollers to a conveying
path disposed downstream of the pair of folding rollers.

Providing both the pressing member and the bifurcating
claw in the sheet folding apparatus to guide the turned-back
portion toward the pair of folding rollers or to change the
course of the sheet increases the number of parts and requires
additional installation space for the members, thereby unde-
sirably increasing the size of the apparatus.

In view of the above, there is a need to provide a sheet
folding apparatus that can guide a turned-back portion of a
sheet toward a folded part forming unit, and can change the
course of the sheet by changing the direction of the leading
end of the sheet without increasing the size of the apparatus,
an image forming apparatus equipped with the sheet folding
apparatus, and an image forming system.

SUMMARY OF THE INVENTION

It is an object of the present invention to at least partially
solve the problems in the conventional technology.

A sheet folding apparatus includes: a first conveying path
in which a sheet is conveyed; a first sheet conveying unit that
holds the sheet conveyed in the first conveying path to apply
conveying force to the sheet; a second sheet conveying unit
that is disposed downstream of the first sheet conveying unit
in a sheet conveying direction, and holds the sheet to apply
conveying force to the sheet; a folded part forming unit that
forms a folded part on a sheet by nipping a turned-back
portion formed on a part of the sheet between the first sheet
conveying unit and the second sheet conveying unit; a second
conveying path that bifurcates from the first conveying path
and in which a sheet on which a folded part is formed by the
folded part forming unit is conveyed; and a pushing member
that is movable between a pushing position at which the
pushing member pushes the turned-back portion toward the
folded part forming unit and a retracted position at which the
pushing member is retracted from the pushing position. The
pushing member also serves as a changing unit that changes
adirection of a leading end of the sheet that is conveyed in the
first conveying path from the first sheet conveying unit toward
the second sheet conveying unit into a direction toward the
second conveying path.

An image forming apparatus includes: an image forming
unit that forms an image on a sheet; and a sheet folding unit
that is provided in an apparatus body of the image forming
apparatus and that performs folding processing on a sheet.
The sheet folding unit includes: a first conveying path in
which a sheet is conveyed; a first sheet conveying unit that
holds the sheet conveyed in the first conveying path to apply
conveying force to the sheet; a second sheet conveying unit
that is disposed downstream of the first sheet conveying unit
in a sheet conveying direction, and holds the sheet to apply
conveying force to the sheet; a folded part forming unit that
forms a folded part on a sheet by nipping a turned-back
portion formed on a part of the sheet between the first sheet
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conveying unit and the second sheet conveying unit; a second
conveying path that bifurcates from the first conveying path
and in which a sheet on which a folded part is formed by the
folded part forming unit is conveyed; and a pushing member
that is movable between a pushing position at which the
pushing member pushes the turned-back portion toward the
folded part forming unit and a retracted position at which the
pushing member is retracted from the pushing position. The
pushing member also serves as a changing unit that changes
adirection of a leading end of the sheet that is conveyed in the
first conveying path from the first sheet conveying unit toward
the second sheet conveying unit into a direction toward the
second conveying path.

An image forming system includes: an image forming
apparatus that forms an image on a sheet; and a sheet folding
apparatus that is provided separately from the image forming
apparatus and that performs folding processing on a sheet on
which an image is formed by the image forming apparatus.
The sheet folding apparatus includes: a first conveying path in
which a sheet is conveyed; a first sheet conveying unit that
holds the sheet conveyed in the first conveying path to apply
conveying force to the sheet; a second sheet conveying unit
that is disposed downstream of the first sheet conveying unit
in a sheet conveying direction, and holds the sheet to apply
conveying force to the sheet; a folded part forming unit that
forms a folded part on a sheet by nipping a turned-back
portion formed on a part of the sheet between the first sheet
conveying unit and the second sheet conveying unit; a second
conveying path that bifurcates from the first conveying path
and in which a sheet on which a folded part is formed by the
folded part forming unit is conveyed; and a pushing member
that is movable between a pushing position at which the
pushing member pushes the turned-back portion toward the
folded part forming unit and a retracted position at which the
pushing member is retracted from the pushing position. The
pushing member also serves as a changing unit that changes
adirection of a leading end of the sheet that is conveyed in the
first conveying path from the first sheet conveying unit toward
the second sheet conveying unit into a direction toward the
second conveying path.

The above and other objects, features, advantages and tech-
nical and industrial significance of this invention will be
better understood by reading the following detailed descrip-
tion of presently preferred embodiments of the invention,
when considered in connection with the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram for explaining a configuration of a
folding processing apparatus 1 according to an embodiment;

FIG. 2 is an explanatory diagram for explaining an example
of'an image forming system equipped with a folding process-
ing apparatus according to the present embodiment;

FIG. 3 is a schematic configuration diagram of an image
forming apparatus equipped for the image forming system
according to the embodiment;

FIG. 4 is a schematic configuration diagram of the folding
processing apparatus equipped for the image forming system
according to the embodiment;

FIG. 5 is a schematic diagram illustrating an example of
another configuration of the folding processing apparatus that
includes a second sheet conveying unit and a folded part
forming unit separately;

FIG. 6 is a schematic diagram illustrating an example of
still another configuration of the folding processing apparatus
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4

that includes a leading end stopper instead of a pair of second
forward reverse rotation rollers;

FIG. 7 is a schematic configuration diagram of a sheet
post-processing apparatus equipped for the image forming
system according to the present embodiment;

FIG. 8 is an explanatory diagram for explaining another
example of the image forming system equipped with the
folding processing apparatus according to the embodiment;

FIGS. 9A to 95 are diagrams for explaining the operation
of'a guide member to guide a surface of a sheet to a folding
unit;

FIGS. 10A to 10C are explanatory diagrams each illustrat-
ing an example of folded parts formed through folding pro-
cessing performed by the folding processing apparatus;

FIGS. 11A to 115 are explanatory diagrams for explaining
the general procedure of z-shaped folding processing per-
formed by the folding processing apparatus;

FIGS. 12A to 12H are explanatory diagrams for explaining
the general procedure of inner-threefold processing per-
formed by the folding processing apparatus;

FIGS. 13 A to 13H are explanatory diagrams for explaining
the general procedure of outer-threefold processing per-
formed by the folding processing apparatus; and

FIGS. 14A to 14C are diagrams for explaining the opera-
tion of the guide member to guide the leading end of a sheet
to a first folded part forming unit.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The following describes an embodiment in which a folding
processing apparatus as a sheet conveying apparatus accord-
ing to the present invention is applied to an image forming
system.

FIG. 2 is an explanatory diagram for explaining an example
of'an image forming system equipped with a folding process-
ing apparatus according to the present embodiment.

A folding processing apparatus 1 of this example is one of
sheet post-processing apparatuses that perform post process-
ing on a sheet ejected from an image forming apparatus 2. The
image forming system of this example includes a sheet post-
processing apparatus 3 that performs post processing on a
sheet on which a folded part is formed by the folding process-
ing apparatus 1, or on a sheet on which a folded part is not
formed by the folding processing apparatus 1. The sheet
post-processing apparatus 3 is, for example, a punching appa-
ratus that punches a hole in a sheet, a sheet stitching apparatus
that stitches a bundle of sheets by, for example, a stapler, or a
sorting discharging apparatus that sorts sheets on which an
image has been formed and discharges them to a plurality of
discharge trays.

FIG. 3 is a schematic configuration diagram of the image
forming apparatus 2 equipped for the image forming system
according to the embodiment. The image forming apparatus 2
includes a printer unit 100 that is an apparatus body, a feeding
unit 200 that includes feed tables, a scanning unit 300
installed on the top of the printer unit 100, and a document
conveying unit 400 that is an automatic document feeder
(ADF) installed on the top of the scanning unit 300. The
image forming apparatus 2 also includes a controller (not
illustrated) that controls the operation of each unit in the
image forming apparatus 2.

The printer unit 100 includes an intermediate transfer belt
10 as an intermediate transter member disposed in the middle
of the printer unit 100. The intermediate transfer belt 10 is
looped over a first supporting roller 71, a second supporting
roller 72, and a third supporting roller 73, and a surface of the
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intermediate transfer belt 10 is movable clockwise. The
printer unit 100 also includes four photosensitive element
drums 7Y, 7M, 7C, and 7K as latent image carriers that carry
toner images having colors of yellow (Y), magenta (M), cyan
(C), and black (K), respectively, on the surface. The four
photosensitive element drums 7Y, 7M, 7C, and 7K are dis-
posed opposite to the intermediate transfer belt 10.

The printer unit 100 includes charging devices 4Y, 4M, 4C,
and 4K as charging units that uniformly charge the surface of
the photosensitive element drums 7Y, 7M, 7C, and 7K, and
developing devices 5Y, 5M, 5C, and 5K as developing units to
form toner images. The charging devices 4Y, 4M, 4C, and 4K
and the developing devices 5Y, SM, 5C, and 5K are disposed
around the respective photosensitive element drums 7Y, 7M,
7C, and 7K. The printer unit 100 also includes cleaning
devices 6Y, 6M, 6C, and 6K that remove residual toner
remaining on the surface of the photosensitive element drums
7Y, TM, 7C, and 7K after primary transfer, and lubricant
applying devices 8Y, 8M, 8C, and 8K that apply lubricant to
the surface of the photosensitive element drums.

The photosensitive element drums 7Y, 7M, 7C, and 7K, the
developing devices 5Y, 5M, 5C, and 5K, the charging devices
4Y,4M, 4C, and 4K, and the cleaning devices 6Y, 6M, 6C, and
6K constitute image forming devices 19Y, 19M, 19C, and
19K, respectively, as toner image forming units. The four
image forming devices 19Y, 19M, 19C, and 19K are disposed
laterally to constitute a tandem image forming unit 60.

The printer unit 100 includes a belt cleaning device 27 that
removes residual toner remaining on the intermediate transfer
belt 10 after transferring a toner image to a sheet P as a
recording member. The belt cleaning device 27 is disposed
opposite to the third supporting roller 73 across the interme-
diate transfer belt 10. The printer unit 100 also includes an
exposing device 61 above the tandem image forming unit 60.

The printer unit 100 includes primary transfer rollers 9Y,
9M, 9C and 9K inside the intermediate transfer belt 10. The
primary transfer rollers 9Y, 9M, 9C and 9K are disposed
opposite to the photosensitive element drums 7Y, 7M, 7C, and
7K, respectively, across the intermediate transfer belt 10 in a
manner in which the primary transfer rollers 9Y, 9M, 9C and
9K press the photosensitive element drums 7Y, 7M, 7C, and
7K, respectively, to form a primary transfer unit.

The printer unit 100 includes a secondary transfer device
69 disposed opposite to the tandem image forming unit 60
across the intermediate transfer belt 10. The secondary trans-
fer device 69 is constituted of a secondary transfer roller 62,
a secondary transfer belt tension roller 63, and a secondary
transfer belt 64 that is looped over the secondary transfer
roller 62 and the secondary transfer belt tension roller 63. In
the secondary transfer device 69, the secondary transfer belt
64 is pressed to the third supporting roller 73 through the
intermediate transfer belt 10 in a position in which the sec-
ondary transfer roller 62 supports the secondary transfer belt
64. The secondary transtfer device 69 is disposed such that the
secondary transfer belt 64 and the intermediate transfer belt
10 form a secondary transfer nip unit as a secondary transfer
unit therebetween.

The printer unit 100 includes a fixing device 65 disposed on
the left side of the secondary transfer device 69 in FIG. 3. The
fixing device 65 fixes a transferred image on the sheet P. The
fixing device 65 includes a fixing belt 66 that is an endless belt
and a pressing roller 67 disposed such that it pushes the fixing
belt 66. The secondary transfer device described above also
has a sheet conveying function of conveying the sheet P on
which the toner image is transferred at the secondary transfer
nip unit to the fixing device 65. As a secondary transfer
device, a transfer roller or a contactless charger may be dis-
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posed, but it will be difficult for such a secondary transfer
device to have the sheet conveying function as well.

The printer unit 100 includes a sheet reversing device 68
disposed below the secondary transfer device and the fixing
device 65 and disposed parallel to the tandem image forming
unit 60. The sheet reversing device 68 reverses the sheet P to
record images on both surfaces thereof. After an image is
fixed on one surface of the sheet P, a switching claw switches
adirection in which the sheet P is conveyed to the direction of
the sheet reversing device. The sheet P is reversed at the sheet
reversing device 68 and conveyed again to the secondary
transfer nip unit. After a toner image is transferred on the
other surface of the sheet P, the sheet P can be ejected to the
folding processing apparatus 1.

The scanning unit 300 scans image information on a docu-
ment placed on an exposure glass 32 with a scanning sensor
36, and transfers the image information thus scanned to the
controller of the image forming apparatus 2.

This controller (not illustrated) controls a light source (not
illustrated) such as a laser or a light-emitting diode (LED)
disposed in the exposing device 61 of the printer unit 100 to
irradiate the photosensitive element drums 7Y, 7M, 7C, and
7K with laser writing light I on the basis of the image infor-
mation received from the scanning unit 300. With the irradia-
tion, an electrostatic latent image is formed on each surface of
the photosensitive element drums 7Y, 7M, 7C, and 7K, and
then, each latent image is developed into a toner image after
a predetermined developing process.

The feeding unit 200 includes a plurality of feeding cas-
settes 44 stacked in a paper bank 43, feeding rollers 42 that
draw sheets P from the feeding cassettes, separating rollers 45
that separate the sheets P thus drawn and send out to a feed
path 46, and conveying rollers 47 to convey a sheet P to a feed
path 48.

Because manual feed is also available in the image forming
apparatus 2 according to the present embodiment, the image
forming apparatus 2 also includes, other than the feeding unit
200, a bypass tray 51 for manual feed, and a separating roller
52 that separates sheets P on the bypass tray 51 one by one for
a bypass feed path 53. The bypass tray 51 and the separating
roller 52 are disposed on one side of the image forming
apparatus 2.

A registration roller 49 ejects one sheet of the sheets P
stored in the feeding cassettes 44 or placed on the bypass tray
51, and sends the sheet to the secondary transfer nip unit
formed between the intermediate transfer belt 10 as the inter-
mediate transfer unit, and the secondary transfer device.

To make a copy of a color image with the image forming
apparatus 2 according to the embodiment, a document is set
on a document table 30 in the document conveying unit 400.
Alternatively, the document conveying unit 400 is first
opened so as to set a document on an exposure glass 32 in the
scanning unit 300 and the document conveying unit 400 is
then closed so as to retain the document.

When a document is set in the document conveying unit
400, the document is first conveyed to the top of the exposure
glass 32 by pressing a start button (not illustrated), and then
the scanning unit 300 is driven to run a first travelling unit 33
and a second travelling unit 34. When the document is set on
the exposure glass 32, the scanning unit 300 is driven imme-
diately after pressing the start button (not illustrated) to run
the first travelling unit 33 and the second travelling unit. The
first travelling unit 33 emits light from a light source to a
document surface. The first travelling unit 33 reflects light
that has been reflected on the document surface, and the light
travels to the second travelling unit 34. The light is reflected
on a mirror of the second travelling unit 34, and then passes
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through an imaging lens 35 to enter the scanning sensor 36,
which scans image information of the document.

The charging devices 4Y, 4M, 4C, and 4K uniformly
charge the surface of the photosensitive element drums 7Y,
M, 7C, and 7K. After color separation is performed on the
image information scanned at the scanning unit 300, the
exposing device 61 performs laser writing of the image infor-
mation in each color on the photosensitive element drums 7Y,
7M, 7C, and 7K. Electrostatic latent images are thus formed
on the surface of the respective photosensitive element drums
7Y, 7™M, 7C, and 7K.

Described as an example is an image forming process forY
(yellow). An electrostatic latent image formed on the surface
of the photosensitive element drum 7C is developed by the
developing device 5Y that applies Y toner to the latent image,
so that a single color toner image is formed. In the same
manner, the image forming devices 19M, 19C, and 19K form
single-color toner images for K (magenta), C (cyan) and K
(black) in this order on the photosensitive element drums 7M,
7C, and 7K, respectively. In this image forming process, toner
images are formed on the respective photosensitive element
drums 7Y, 7M, 7C, and 7K, and one roller of the four feeding
rollers is driven to convey a sheet P having a size of being
suitable for the image information.

Atthe same time, one roller of the first supporting roller 71,
the second supporting roller 72 and the third supporting roller
73 is rotationally driven by a driving motor (not illustrated),
and the other two rollers perform idle rotation, whereby the
intermediate transfer belt 10 is rotationally conveyed. While
the intermediate transfer belt 10 is conveyed, the single color
toner images on the respective photosensitive element drums
7Y, TM, 7C, and 7K are sequentially transterred on the inter-
mediate transfer belt 10, thereby forming a superimposed
color image thereon.

In the feeding unit 200, one roller of the feeding rollers 42
is selected to rotate, so that the feeding roller 42 draws sheets
P from one of the feeding cassettes 44. The sheets P are
separated into a sheet P by a separating roller 45 and the sheet
P is fed to the feed path 46. The sheet P is then guided to the
feed path 48 by the conveying rollers 47, and abuts to the
registration roller 49 to stop.

Otherwise, sheets P on the bypass tray 51 are drawn by
rotation of a feeding roller 50, and are separated into a sheet
P by the separating roller 52. The sheet P is fed into the bypass
feed path 53, and abuts to the registration roller 49 to stop.

When sheets P on the bypass tray 51 are used, the sheets P
on the bypass tray 51 are drawn by rotation of a feeding roller
50, and are separated into a sheet P by the separating roller 52.
The sheet Pis fed into the bypass feed path 53, and abuts to the
registration roller 49 to stop.

The registration roller 49 rotates in synchronization with a
timing at which the superimposed color image is conveyed on
the intermediate transfer belt 10, and feeds the sheet P to the
secondary transfer nip unit at which the intermediate transfer
belt 10 and the secondary transfer roller 62 contact with each
other. The superimposed color image is secondary transferred
from the surface of the intermediate transfer belt 10 onto the
sheet P by effects of a transfer electric field and a contact
pressure formed on the secondary transfer nip, so that the
sheet P records the color image thereon.

After the transfer of the color image on the sheet P at the
secondary transfer nip unit, the sheet P is fed to the fixing
device 65 by the secondary transfer belt 64 of the secondary
transfer device 69. At the fixing device 65, the pressing roller
67 and the fixing belt apply pressure and heat to the sheet P,
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thereby fixing the color image on the sheet P. The sheet P is
then ejected by an ejecting roller 56 to the folding processing
apparatus 1.

Ina case of duplex printing, after the color image is fixed on
one surface of the sheet P, the sheet P is switched by the
switching claw 55 and conveyed to the sheet reversing device
68, where the sheet P is reversed to enter into the secondary
transfer nip unit again. After another color image is recorded
onthe other surface of the sheet P at the secondary transfer nip
unit, the sheet P is ejected to the folding processing apparatus
1 by the ejecting roller 56.

After transferring the color image onto the sheet P at the
secondary transfer nip unit, the intermediate transfer belt 10
has residual toner remaining on its surface. The residual toner
thereon is removed by the belt cleaning device 27 to prepare
for the next image forming by the tandem image forming unit
60.

FIG. 4 is a schematic configuration diagram of the folding
processing apparatus 1 equipped for the image forming sys-
tem according to the embodiment.

The folding processing apparatus 1 according to the
present embodiment includes a through conveying path W1
through which the sheet P ejected from the image forming
apparatus 2 is conveyed down to the sheet post-processing
apparatus 3 without receiving folding processing. The folding
processing apparatus 1 also includes a bifurcate conveying
path W2 that bifurcates from the through conveying path W1.
In the branch conveying path W2, folding processing is per-
formed on the sheet P ejected from the image forming appa-
ratus 2 and through which the sheet P is conveyed down to the
sheet post-processing apparatus 3.

A pair of entrance rollers 11 as a first sheet conveying unit
is disposed on an entrance side (on the right in FIG. 4) of the
through conveying path W1 from which the sheet P ejected
from the image forming apparatus 2 enters. The pair of
entrance rollers 11 is composed of a pressing roller 11q as a
rotation member, and a driving roller 115 as an opposite
member. The driving roller 115 is rotationally driven by the
driving force of an entrance motor him as a driving source.

On an exit side (on the left in FIG. 4) of the through
conveying path W1, disposed are a first folding roller 12, a
first forward reverse rotation roller 13 disposed in contact
with the first folding roller 12, and a pressing roller 14 dis-
posed in contact with the first forward reverse rotation roller
13. The sheet P can move from the through conveying path
W1 to the branch conveying path W2 through a nip between
the first folding roller 12 and the first forward reverse rotation
roller 13. The sheet P can be conveyed down to the sheet
post-processing apparatus 3 through the through conveying
path W1 by passing through a nip between the first forward
reverse rotation roller 13 and the pressing roller 14.

The folding processing apparatus 1 according to the
present embodiment includes a second folding roller 15 dis-
posed in contact with the first forward reverse rotation roller
13 on an exit side of the branch conveying path W2. On the
branch conveying path W2, a pair of second forward reverse
rotation rollers 16 is disposed on the opposite side of the
second folding roller 15 across the nip between the first fold-
ing roller 12 and the first forward reverse rotation roller 13
through which the sheet P enters from the through conveying
path W1. The pair of second forward reverse rotation rollers
16 is composed of a pressing roller 16« as a rotation member,
and a driving roller 165 as an opposite member. The driving
roller 164 is rotationally driven by the driving force of a
second forward reverse rotation motor 16m as a driving
source.
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The first forward reverse rotation roller 13 can be rotation-
ally driven in both directions of forward and reverse rotation
by the driving force of the first forward reverse rotation motor
13m that can rotate in both directions of forward and reverse
rotation. The first folding roller 12, the pressing roller 14, and
the second folding roller 15 each disposed in contact with the
first forward reverse rotation roller 13 are driven rollers that
are rotationally driven by the rotation of the first forward
reverse rotation roller 13.

The driving roller 165 of the pair of second forward reverse
rotation rollers 16 can be rotationally driven in both directions
of forward and reverse rotation by the driving force of the
second forward reverse rotation motor 16 that can rotate in
both directions of forward and reverse rotation. The pressing
roller 16a of the pair of second forward reverse rotation
rollers 16 is a driven roller that is rotationally driven by the
rotation of the driving roller 165.

According to the present embodiment, all the driven rollers
have biasing units that are pressing springs 11s, 12s, 14s, 15s,
and 16s. The pressing springs apply bias to roller shafts of the
respective driven rollers, thereby forming nips between the
driven rollers and the rollers opposite to the driven rollers.

The folding processing apparatus 1 of the present embodi-
ment includes an entrance sensor 21 as a sheet end portion
detection unit for detecting an end portion of the sheet P. The
entrance sensor 21 is disposed upstream (the entrance side of
the through conveying path W1) of the pair of entrance rollers
11 in the sheet conveying direction. When a leading end of the
sheet P conveyed from the image forming apparatus 2 arrives
at a detection region of the entrance sensor 21, the entrance
sensor 21 outputs a leading end detection signal indicating the
arrival of the leading end of the sheet P to a controller (not
illustrated). Various known sensors can be used as the
entrance sensor 21.

The folding processing apparatus 1 of the present embodi-
ment also includes a sheet detection sensor 22 as a sheet
leading end detection unit for detecting the leading end of the
sheet P. The sheet detection sensor 22 is disposed downstream
(the exit side of the through conveying path W1) of the second
sheet conveying unit composed of the first forward reverse
rotation roller 13 and the pressing roller 14 in the sheet con-
veying direction. When the leading end of the sheet P con-
veyed in the through conveying path W1 arrives at a detection
region of the sheet detection sensor 22, the sheet detection
sensor 22 outputs a leading end detection signal indicating the
arrival of the leading end of the sheet P to the controller (not
illustrated). Various known sensors can be used as the sheet
detection sensor 22 as described in the case of the entrance
sensor 21.

The folding processing apparatus 1 of the present embodi-
ment includes a sheet detection sensor 23 for detecting a
leading end of the sheet P. The sheet detection sensor 23 is
disposed downstream (the opposite side of the exit of the
branch conveying path W2) of the pair of second forward
reverse rotation rollers 16 in the sheet conveying direction.
When the leading end of the sheet P sent from the through
conveying path W1 to the branch conveying path W2 arrives
ata detection region of the sheet detection sensor 23, the sheet
detection sensor 23 outputs a leading end detection signal
indicating the arrival of the leading end of the sheet P to the
controller (not illustrated). Various known sensors can be
used as the sheet detection sensor 23 as described in the cases
of the entrance sensor 21 and the sheet detection sensor 22.

In the present embodiment, the first forward reverse rota-
tion roller 13 and the pressing roller 14 constitute the second
sheet conveying unit, and the first folding roller 12 and the
first forward reverse rotation roller 13 constitute the first
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folded part forming unit. The first forward reverse rotation
roller 13 and the second folding roller 15 constitute the sec-
ond folded part forming unit in the present embodiment.

The second sheet conveying unit may be configured by not
using a pair of rollers, but using an adhesive roller or an
absorption belt. In the present embodiment, the first forward
reverse rotation roller 13 of the second sheet conveying unit,
and the first forward reverse rotation roller 13 and the second
folding roller 15 of the folded part forming unit are identical.
Instead, the second sheet conveying unit and the folded part
forming unit may be configured independently by using sepa-
rate rollers.

FIG. 5 is a schematic diagram illustrating an example of
another configuration of the folding processing apparatus 1
that includes the second sheet conveying unit and the folded
part forming unit separately.

The folding processing apparatus 1 illustrated in FIG. 5§
includes the second folding roller 15, which is disposed in
contact with the first forward reverse rotation roller 13 in the
folding processing apparatus 1 illustrated in FIG. 4, that is
disposed in contact with the first folding roller 12, so that the
first folding roller 12 and the second folding roller 15 consti-
tute the folded part forming unit. The second folding roller 15
can be rotationally driven in both directions of forward and
reverse rotation by driving force applied by a third forward
reverse rotation motor 15m that is rotatable in both directions
of forward and reverse rotation.

In the folding processing apparatus illustrated in FIG. 5,
the exit of the branch conveying path W2 lies in a direction
toward the entrance side of the through conveying path W1,
which is contrary to that of the folding processing apparatus
1 illustrated in FIG. 4.

FIG. 6 is a schematic diagram illustrating an example of
still another configuration of the folding processing apparatus
1 that includes a leading end stopper 18 instead of the pair of
second forward reverse rotation rollers 16.

The leading end stopper 18 used in the folding processing
apparatus 1 illustrated in FIG. 6 is disposed on the outer
surface of an endless belt 17 that is looped over two tension
rollers. One of the tension rollers over which the endless belt
17 is looped is a driving roller that can be rotationally driven
in both directions of forward and reverse rotation by driving
force of the second forward reverse rotation motor 16m. The
endless belt 17 is thus rotatably driven in both directions of
forward and reverse rotation, thereby changing the position of
the leading end stopper 18 disposed on the endless belt 17 in
the sheet conveying direction on the branch conveying path
W2. It should be noted that the folding processing apparatus
1 illustrated in FIG. 4 can be smaller in size than that illus-
trated in FIG. 6.

FIG. 7 is a schematic configuration diagram of a sheet
post-processing apparatus 3 equipped for the image forming
system according to the present embodiment.

The sheet post-processing apparatus 3 includes an entrance
sensor 302, a pair of entrance rollers 303, a bifurcating claw
304, a pair of ejecting rollers 305, a stitching device 310, a
conveying path 340, and a branch path 341.

The entrance sensor 302 detects the leading end and the
trailing end of the sheet P and the presence or absence of the
sheet P.

The pair of entrance rollers 303 is disposed at the entrance
of'the sheet post-processing apparatus 3, and has a function of
introducing the sheet P into the sheet post-processing appa-
ratus 3. Abutting skew correction of the sheet P is possible
with a roller nip of the pair of entrance rollers 303. The pair of
entrance rollers 303 is driven by a controllable driving source
(not illustrated). The driving source is controlled by a con-
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troller (not illustrated), and the controller controls the driving
source to rotationally drive or stop the pair of entrance rollers
303, so that a conveying amount of the sheet P is controlled by
the rotation of the pair of entrance rollers 303. The controller
may be provided in the image forming apparatus 2.

The conveying path 340 is a normal path through which the
sheet P is conveyed and ejected. The branch path 341 is
provided for stacking and aligning the sheet P. The sheet P
reverses in the conveying path 340 to enter the branch path
341 from the trailing end thereof.

The bifurcating claw 304 is a claw member that is rotatably
disposed in the conveying path 340 and that switches paths so
that the trailing end of the sheet P is guided from the convey-
ing path 340 into the branch path 341. The bifurcating claw
304 can press the sheet P to the conveying surface of the
branch path 341, whereby the sheet P can be fixed.

The stitching device 310 is a device to stitch a sheet bundle
that has been aligned in the branch path 341 without using a
metallic staple. The stitching device 310 in the present
embodiment uses a pair of tooth forms having convex and
concave portions on the surfaces to stitch the sheet bundle by
pinching it so that sheets P is distorted and fibers thereof are
tangled. A stitching device may also be used that cuts a
u-shaped slit through the sheet bundle and bends the u-shaped
part to insert into a slit that has been cut together with the
u-shaped slit near a bent part, so that the sheet bundle is
stitched without using a metallic staple. A stitching unit to
stitch a sheet bundle is not limited to the stitching device
according to the present embodiment, but may be a stitching
device that has a common stitching function.

The pair of ejecting rollers 305 is disposed at the exit of the
sheet post-processing apparatus 3, and has a function of dis-
charging the sheet bundle stitched by the stitching device 310
to a discharge tray (not illustrated). The pair of ejecting rollers
305 is driven by a controllable driving source (not illustrated).
The driving source is controlled by the controller, and the
controller controls the driving source to rotationally drive or
stop the pair of ejecting rollers 305, so that a conveying
amount of the sheet P is controlled by the rotation of the pair
of ejecting rollers 305.

FIG. 8 is an explanatory diagram for explaining another
example of the image forming system equipped with the
folding processing apparatus according to the present
embodiment.

The folding processing apparatus 1 according to this
example forms a folded part on the sheet P inside the image
forming apparatus 2. The image forming system according to
this example also includes the sheet post-processing appara-
tus 3 that performs post processing on either of a sheet P on
which a folded part is formed by the folding processing appa-
ratus 1, and a sheet P on which a folded part is not formed by
the folding processing apparatus 1.

FIG. 8 is a schematic configuration diagram of the image
forming apparatus 2 in which the folding processing appara-
tus 1 is disposed inside the apparatus body of the image
forming apparatus 2. As illustrated in FIG. 10, the image
forming apparatus 2 includes an image forming apparatus
body 101, the folding processing apparatus 1, and an image
reading device 500.

The image forming apparatus body 101 is a tandem color
image forming apparatus using an indirect transfer method.
The image forming apparatus body 101 includes an image
forming unit 110 that is constituted of image forming stations
111Y, 111C, 111M, and 111K in four colors illustrated in
almost middle of FIG. 10. Below the image forming unit 110,
disposed is an optical writing device 28 adjacent to the image
forming unit 110. Below the optical writing device 28, dis-
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posed is a feeding unit 120. The image forming apparatus
body 101 also includes a feed conveying path (vertical con-
veying path) 130 that conveys the sheet P fed from the feeding
unit 120 to a secondary transfer unit 140 and to a fixing device
150; an ejecting conveying path 160 that conveys the sheet P
on which an image has been fixed by the fixing device 150 to
the folding processing apparatus 1; and a duplex conveying
path 170 that reverses the sheet P with an image formed on
one surface thereof in order to form another image on the
other surface of the sheet P.

The image forming unit 110 includes photosensitive ele-
ment drums 20Y, 20C, 20M, and 20K in four colors for the
image forming stations 111Y, 111C, 111M, and 111K,
respectively. Around the periphery of the photosensitive ele-
ment drums 20Y, 20C, 20M, and 20K, disposed are charging
devices 80Y, 80C, 80M, and 80K, developing devices 70Y,
70C, 70M, and 70K, cleaning units 40Y, 40C, 40M, and 40K,
and neutralization units (not illustrated), respectively. The
image forming apparatus main body 101 includes an inter-
mediate transfer belt 112 to which images formed on the
respective photosensitive element drums 20Y, 20C, 20M, and
20K are intermediate transferred by primary transfer rollers
74Y, 74C, 74M, and 74K, respectively. The optical writing
device 28 is provided to write images in four colors on the
photosensitive element drums 20Y, 20C, 20M, and 20K,
respectively.

The optical writing device 28 is disposed below the image
forming stations 111Y, 111C, 111M, and 111K, and the inter-
mediate transfer belt 112 is disposed above the image forming
stations 111Y, 111C, 111M, and 111K. Above the image
forming unit 110, disposed in a replaceable manner are toner
containers 116Y, 116C, 116M, and 116K each containing
toner that is supplied to the developing devices 70Y, 70C,
70M, and 70K.

The intermediate transfer belt 112 is rotatably supported by
aplurality of supporting rollers. At the secondary transfer unit
140, a supporting roller 114 of the supporting rollers is dis-
posed opposite to a secondary transfer roller 115 across the
intermediate transfer belt 112, so that an image on the inter-
mediate transfer belt 112 can be secondary transferred to the
sheet P.

The detailed description is omitted of the image forming
procedure of the tandem color image forming apparatus using
an indirect transfer method because it is a well-known tech-
nology and the gist of the present invention does not have a
direct relation to the image forming procedure thereof.

The feeding unit 120 includes a feed tray 121, a pick-up
roller 122, and a feed conveying roller 123. The feeding unit
120 sends a sheet P picked up from the feed tray 121 upward
along the feed conveying path 130.

The sheet P thus sent is conveyed to the secondary transfer
unit 140 at which an image is secondary transferred to the
sheet P, and then, the sheet P is conveyed to the fixing device
150. The fixing device 150 includes a fixing roller 150a and a
pressing roller 1505. When the sheet P passes through a nip
between these rollers, the fixing device 150 applies heat and
pressure to the sheet P, thereby fixing toner on the sheet P.

Downstream of the fixing device 150, the conveying path
bifurcates at a bifurcating claw 161 to be the ejecting convey-
ing path 160 and the duplex conveying path 170 extending in
two directions that are selected depending on a case in which
the sheet P is conveyed to the folding processing apparatus 1
or a case in which the sheet P is conveyed to the duplex
conveying path 170.

A bifurcating conveying roller 162 is disposed immedi-
ately upstream of the bifurcating claw 161, and applies con-
veying force to the sheet P.
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The folding processing apparatus 1 is disposed inside the
image forming apparatus body 101, and performs folding
processing on the sheet P conveyed from the image forming
apparatus body 101 after an image is formed thereon, and
ejects the sheet P to the sheet post-processing apparatus 3
illustrated in FIG. 8.

The image reading device 500 is a technically well-known
device that reads an image on a document set on an exposure
glass 501 through optical scan. The configuration and func-
tion of the image reading device 500 is well known and the
gist of the present invention does not have a direct relation to
it, thus detailed description thereof is omitted.

The image forming apparatus body 101 thus configured
generates image data used for writing on the basis of docu-
ment data that has been read by the image reading device 500,
or print data that has been transferred from an external appa-
ratus such as a personal computer. On the basis of the image
data, the optical writing device 28 performs optical writing on
the photosensitive element drums 20Y, 20C, 20M, and 20K.
Images of respective four colors are formed at the respective
image forming stations 111Y, 111C, 111M, and 111K, and
are sequentially transferred on the intermediate transfer belt
112, thereby forming a color image with four colors that are
superimposed on the intermediate transfer belt 112.

In conjunction with the image forming described above, a
sheet P is fed from the feed tray 121. The sheet P is stopped
temporarily at the position of a registration roller (not illus-
trated) immediately before the secondary transfer unit 140,
and then sent out in synchronization with a timing at which
the image on the intermediate transfer belt 112 is sent. The
image is secondary transferred to the sheet P at the secondary
transfer unit 140, and the sheet P is sent to the fixing device
150.

The fixing device 150 fixes the image on the sheet P, and
then, the sheet P is conveyed to the ejecting conveying path
160 by the switching operation by the bifurcating claw 161 in
a case of single-sided printing, or in a case of completing
printing on both surfaces of the sheet P in duplex printing
mode. The sheet P is conveyed to the duplex conveying path
170 in a case of printing on the second surface of the sheet P
in duplex printing mode.

The sheet P conveyed to the duplex conveying path 170 is
reversed therein, and sent again to the secondary transfer unit
140. After another image is formed on the other surface of the
sheet P, the sheet P is sent back to the ejecting conveying path
160.

The sheet P thus conveyed to the ejecting conveying path
160 is then conveyed to the folding processing apparatus 1.
After receiving folding processing, or without receiving fold-
ing processing in the folding processing apparatus 1, the sheet
P is ejected to the sheet post-processing apparatus 3.

The image forming system uses the sheet post-processing
apparatus 3 illustrated in FIG. 7, thus detailed description
thereof is omitted.

Next, described is a characteristic part of the folding pro-
cessing apparatus 1 according to the present embodiment.
FIG. 1 is a diagram for explaining a configuration of the
folding processing apparatus 1 according to the embodiment.

The folding processing apparatus 1 includes a guide mem-
ber 90 disposed between the pair of entrance rollers 11 and the
second sheet conveying unit (the first forward reverse rotation
roller 13 and the pressing roller 14) in the sheet conveying
direction in the through conveying path W1. The guide mem-
ber 90 is moved by a driving mechanism that includes a
driving motor 92, acam 91, and a tension spring 93, so that the
guide member 90 is movable between a pushing position at
which the guide member 90 pushes a bent portion (turned-
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back portion) of the sheet P toward the nip of the first folded
part forming unit and a retracted position at which the guide
member 90 is retracted from the pushing position.

In the pushing position, the guide member 90 guides a bent
portion (turned-back portion) of the sheet P to the nip of the
first folded part forming unit. Further, by positioning the
guide member 90 in the pushing position, the leading end of
the sheet P that is conveyed in the through conveying path W1
from the pair of entrance rollers 11 toward the second sheet
conveying unit can be guided toward the branch conveying
path W2. Therefore, the pushing position is hereinafter
referred to as a guide position.

FIGS. 9A to 9E are diagrams for explaining the operation
of the guide member 90 to guide a bent portion (turned-back
portion) of the sheet P to the nip of the first folded part
forming unit.

When the entrance sensor 21 detects the leading end of the
sheet P, the pair of entrance rollers 11 starts rotation. While
the sheet P is conveyed from the pair of entrance rollers 11 to
the pressing roller 14, the guide member 90 is in the retracted
position, thus the guide member 90 does not block the sheet P.

After the sheet detection sensor 22 detects the leading end
of'the sheet P, the folding processing apparatus 1 continues to
convey the sheet P until the leading end of the sheet P pro-
trudes from the nip position between the pressing roller 14
and the first forward reverse rotation roller 13 by a predeter-
mined protrusion amount. This protrusion amount is deter-
mined depending on a sheet length or a folding pattern, and is
determined by an amount of rotation of the pressing roller 14.

When the leading end of the sheet P protrudes by a prede-
termined protrusion amount, the pressing roller 14 starts
reverse rotation in the reverse conveying direction with the
pair of entrance rollers 11 kept rotating in the conveying
direction, thereby forming a bent portion (turned-back por-
tion) on the sheet P. About or simultaneously with the timing
at which the pressing roller 14 starts reverse rotation, the
guide member 90 is moved from the retracted position to the
guide position, so that the bent portion (turned-back portion)
of'the sheet P is pushed by the guide member 90. This allows
the bent portion (turned-back portion) to be introduced into
the nip between the first folding roller 12 and the first forward
reverse rotation roller 13 constituting the first folded part
forming unit and a folded part can be formed on the sheet P.

Next, described is the procedure ofthe operation of folding
processing performed by the folding processing apparatus 1
to form a folded part on the sheet P.

FIGS. 10A to 10C are explanatory diagrams each illustrat-
ing an example of folded parts formed through folding pro-
cessing performed by the folding processing apparatus 1
according to the present embodiment.

The folding processing apparatus 1 according to the
present embodiment can perform z-shaped fold processing in
which two outer folded parts are formed on the sheet P to
make a z-shaped fold as illustrated in FIG. 10A. The folding
processing apparatus 1 according to the present embodiment
can perform inner-threefold processing in which two inner
folded parts are formed on the sheet P such that the folded
parts divide the sheet P into three nearly equal parts as illus-
trated in FIG. 10B. The folding processing apparatus 1
according to the present embodiment can perform outer-
threefold processing in which two outer folded parts are
formed on the sheet P such that the folded parts divide the
sheet P into three nearly equal parts as illustrated in FIG. 10C.

FIGS. 11 A to 11H are explanatory diagrams for explaining
the general procedure of z-shaped folding processing per-
formed by the folding processing apparatus 1.
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An ejecting roller (not illustrated) of the image forming
apparatus 2 applies conveying force to convey the sheet P. The
leading end of the sheet P is detected by the entrance sensor
21, and then, the entrance sensor 21 outputs a leading end
detection signal to the controller (not illustrated). When
receiving the signal, the controller controls the entrance
motor 11m to start rotation of the pair of entrance rollers 11
(FIGS. 11A and 11B). The guide member 90 is in the
retracted position when the sheet P is conveyed from the pair
of entrance rollers 11 to the pressing roller 14.

When the leading end of the sheet P enters into the nip
between the pair of entrance rollers 11, the sheet P also
receives conveying force from the pair of entrance rollers 11,
and is conveyed in the through conveying path W1 toward the
exit side thereof.

The leading end of the sheet P conveyed in the through
conveying path W1 enters into the nip between the first for-
ward reverse rotation roller 13 and the pressing roller 14.
After passing through the nip, the leading end of the sheet P is
detected by the sheet detection sensor 22. The controller
receives a leading end detection signal from the sheet detec-
tion sensor 22 that has detected the leading end of the sheet P,
and controls in the following manner. That is, when the lead-
ing end of the sheet P protrudes from the nip position between
the first forward reverse rotation roller 13 and the pressing
roller 14 by a predetermined protrusion amount (FIG. 11C),
the controller controls the first forward reverse rotation motor
13m to stop the rotation of the first forward reverse rotation
roller 13. The controller also controls the entrance motor 11m
to stop the rotation of the driving roller 115 of the pair of
entrance rollers 11.

The protrusion amount is determined each time depending
on the length of the sheet P in the sheet conveying direction,
and the content of the folding processing (such as a folding
type). The protrusion amount of the leading end of the sheet
P can be acquired, for example, by a reception timing of the
leading end detection signal output from the sheet detection
sensor 22 and an amount of rotation of the pressing roller 14.

The controller then controls the first forward reverse rota-
tion motor 13m to start reverse rotation of the first forward
reverse rotation roller 13 so that the sheet P is reversed toward
the entrance side of the through conveying path W1. The
controller also causes the pair of entrance rollers 11 to start
rotating. A bend is thus formed on a part of the sheet between
the pair of entrance rollers 11 and the first forward reverse
rotation roller 13 (FIG. 11D). About or simultaneously with
the timing at which the first forward reverse rotation roller 13
starts reverse rotation, the guide member 90 is moved from
the retracted position to the guide position, so that a bent
portion (turned-back portion) of the sheet P is pushed by the
guide member 90.

This bent portion (turned-back portion) enters into the nip
between the first folding roller 12 and the first forward reverse
rotation roller 13, thereby forming a first folded part at the
turned-back portion. After passing through the nip between
the first folding roller 12 and the first forward reverse rotation
roller 13, the first folded part enters the branch conveying path
W2 (FIG. 11E), and the sheet P is conveyed in the branch
conveying path W2 to the pair of second forward reverse
rotation rollers 16.

The first folded part of the sheet P enters into the nip
between the pair of second forward reverse rotationrollers 16.
After passing through the nip, the first folded part is detected
by the sheet detection sensor 23. The controller receives a
leading end detection signal from the sheet detection sensor
23 that has detected the first folded part of the sheet P, and
controls in the following manner. That is, when the first
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folded part of the sheet P protrudes from the nip position
between the pair of second forward reverse rotation rollers 16
by a predetermined protrusion amount (FIG. 11F), the con-
troller controls the first forward reverse rotation motor 13m to
stop rotation of the first forward reverse rotation roller 13. At
the same time, the controller stops the rotation of the pair of
second forward reverse rotation rollers 16 and the pair of
entrance rollers 11. The protrusion amount at this time is also
determined each time depending on the length of the sheet P
in the sheet conveying direction, and the content of the fold-
ing processing (such as a folding type). The protrusion
amount of the first folded part of the sheet P can be acquired,
for example, by a reception timing of the leading end detec-
tion signal output from the sheet detection sensor 23 and an
amount of rotation of the pair of second forward reverse
rotation rollers 16.

The controller then controls the second forward reverse
rotation motor 16m to start reverse rotation of the pair of
second forward reverse rotation rollers 16 in a direction in
which the sheet P is conveyed to the exit side of the branch
conveying path W2. The controller also resumes reverse rota-
tion of'the first forward reverse rotation roller 13, and resumes
rotation of the pair of entrance rollers 11. A bend is thus
formed on a part of the sheet between the first forward reverse
rotation roller 13 and the pair of second forward reverse
rotation rollers 16 (FIG. 11G). This bent portion (turned-back
portion) enters into the nip between the first forward reverse
rotation roller 13 and the second folding roller 15, thereby
forming a second folded part in the turned-back portion.

After the second folded part passes through the nip
between the first forward reverse rotation roller 13 and the
second folding roller 15, the sheet P is conveyed to the exit
side of the branch conveying path W2 (FIG. 11H). The sheet
P on which the first and the second folded parts are formed is
conveyed down to the sheet post-processing apparatus 3 by
receiving conveying force from the first forward reverse rota-
tion roller 13. The guide member 90 is moved from the guide
position to the retracted position in preparation for the next
processing.

FIGS. 12A to 12H are explanatory diagrams for explaining
the general procedure of inner-threefold processing per-
formed by the folding processing apparatus 1.

FIGS. 13 A to 13H are explanatory diagrams for explaining
the general procedure of outer-threefold processing per-
formed by the folding processing apparatus 1.

The procedure of the operation of the inner-threefold pro-
cessing and the outer-threefold processing is the same as that
of the z-shaped folding processing, but the above-described
protrusion amounts are different depending on the types of
the folding processing. That is, the z-shaped folding process-
ing, the inner-threefold processing, and the outer-threefold
processing differ in that they have different timings at which
reverse rotation of the first forward reverse rotation roller 13
and that of the pair of second forward reverse rotation rollers
16 are started.

FIGS. 14A to 14C are diagrams for explaining the opera-
tion of the guide member 90 to guide the leading end of the
sheet P to the nip of the first folded part forming unit when a
folded part is not formed on the sheet P by the first folded part
forming unit. The guide member 90 changes the direction of
the leading end of the sheet to change the course of the sheet
P, so that the leading end of the sheet is guided to the nip.

Detecting the leading end of the sheet P by the entrance
sensor 21 causes the pair of entrance rollers 11 to start rota-
tion. As illustrated in FIG. 14A, the guide member 90 is
moved from the retracted position to the guide position before
the leading end of the sheet P conveyed by the pair of entrance
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rollers 11 reaches the position of the guide member 90 in the
through conveying path W1. As illustrated in FIG. 14B, the
guide member 90 can thus guide the leading end of the sheet
P along a guide surface of the gunide member 90 toward the nip
between the first forward reverse rotation roller 13 and the
first folding roller 12 constituting the first folded part forming
unit.

When the leading end of the sheet P reaches the nip
between the first forward reverse rotation roller 13 and the
first folding roller 12 constituting the first folded part forming
unit, the sheet P is conveyed by the pair of entrance rollers 11
and the first folded part forming unit, and is guided to the
branch conveying path W2 as illustrated in FIG. 14C.

As described above, in the folding processing apparatus 1
according to the present embodiment, the single guide mem-
ber 90 can perform two functions: of guiding a bend of a sheet
toward the nip between the first forward reverse rotation roller
13 and the first folding roller 12 that constitute the first folded
part forming unit; and of changing the course of the leading
end of the sheet. Compared with a case in which separate
members, such as a folding blade and a bifurcating claw, are
provided to carry out these functions, the number of parts or
additional installation space for the separate members can be
reduced, thereby reducing the size of the apparatus.

Depending on the thickness or the paper type of the sheet P,
the folding processing apparatus 1 may determine whether to
move the guide member 90 from the retracted position, or
how long to move the guide member 90. The guide member
90 is thus driven only for a sheet P that needs guidance of the
guide member 90, or driven to move by a necessary moving
amount depending on the thickness or the paper type of the
sheet P. The folding processing apparatus 1 can reduce energy
consumption accordingly.

For example, when the sheet P is thin paper, plain paper, or
thick paper, which differs from each other in thickness, the
folding processing apparatus 1 does not move the guide mem-
ber 90 in a case of thin paper that is not stiff, and thus a bend
is easy to be formed, whereas the folding processing appara-
tus 1 moves the guide member 90 in a case of thick paper that
is stiff, and thus a bend is difficult to be formed. The guide
member 90 is thus driven only for a sheet that needs guidance
of the guide member 90. The folding processing apparatus
can reduce energy consumption accordingly.

In a case of plane paper that is less stiff than thick paper, a
bend ofthe sheet P can enter into the nip of the first folded part
forming unit without guidance of the guide member 90. In the
case of plain paper, however, it is preferable to move the guide
member 90 to guide a bend of the sheet P into the nip of the
first folded part forming unit so that appropriate folding pro-
cessing is performed without fail.

When the guide member 90 is moved in the cases of thick
paper and plain paper, the moving amount of the guide mem-
ber 90 may be changed between thick paper and plain paper.
In other words, the moving amount for plain paper is set to be
smaller than that for thick paper that is stiffer than plain paper.
The guide member 90 is thus moved by a needed moving
amount in accordance with the stiffness of paper depending
on the thickness of the sheet P. The folding processing appa-
ratus can reduce energy consumption accordingly. When a
moving amount is changed between plain paper and thick
paper, the moving amount may be obtained in advance by, for
example, experiments.

The sheet P may be paper with a treated surface such as
coated paper. In a case in which such a sheet P is used, when
the guide member 90 is moved to guide a bend of the sheet P
to the nip of the first folded part forming unit, the guide
member 90 may damage a part of a surface of the sheet by
contacting it, so that the coating on the surface may come off.
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Thus, in the case in which coated paper, or the like is used as
the sheet P, the guide member 90 is set not to move from the
retracted position, thereby preventing such a trouble
described above.

Irrespective of the thickness of the sheet P such as thin
paper, plain paper, or thick paper, stiffness of the sheet P
varies depending on the material of the sheet P, for example.
Thus, in a case in which a type of sheet that is flexible and easy
to bend is used as the sheet P, the guide member 90 is not
moved, whereas in a case in which a type of sheet that is stiff
and is difficult to bend is used as the sheet P, the guide member
90 is moved. The guide member 90 is thus driven only for a
sheet P that needs guidance of the guide member 90. The
folding processing apparatus 1 can reduce energy consump-
tion accordingly.

When a type of sheet that is stiff is used as the sheet P, a
moving amount of the guide member 90 may be changed
depending on the type of the sheet P in accordance with a
degree of stiffness thereof. The guide member 90 is thus
driven to move by a needed moving amount in accordance
with the stiffness of a sheet type of the sheet P. The folding
processing apparatus 1 can reduce energy consumption
accordingly. When a moving amount of the guide member 90
is changed depending on the type of the sheet P, the moving
amount may be obtained in advance, for example, by experi-
ments for each sheet type that is assumed to be used in the
folding processing apparatus 1.

The description above is given for illustrative purposes
only and the present invention provides particular advanta-
geous effects for each of the aspects below.

Aspect A

Aspect A provides a sheet folding apparatus such as the
folding processing apparatus 1 that includes a first conveying
path such as the through conveying path W1 in which a sheet
such as the sheet P is conveyed; a first sheet conveying unit
such as the pair of entrance rollers 11 that holds a part of a
sheet conveyed in the first conveying path to apply conveying
force to the sheet; a second sheet conveying unit, such as the
first forward reverse rotation roller 13 and the pressing roller
14, that is disposed downstream of the first sheet conveying
unit in a sheet conveying direction, and holds another part of
the sheet to apply conveying force to the sheet; a folded part
forming unit such as the first folded part forming unit that
forms a folded part on a sheet by nipping a turned-back
portion formed on a part of the sheet between the first and the
second sheet conveying units; and a second conveying path
such as the branch conveying path W2 that bifurcates from the
first conveying path, and in which a sheet on which a folded
part is formed by the folded part forming unit is conveyed.
The sheet folding apparatus includes a pushing member such
as the guide member 90 that is movable between a pushing
position at which the guide member 90 pushes the turned-
back portion towards the folded part forming unit and a
retracted position at which the guide member 90 is retracted
from the pushing position. The pushing member also serves
as a changing unit that changes a direction of a leading end of
the sheet that is conveyed in the first conveying path from the
first sheet conveying unit toward the second sheet conveying
unit into a direction toward the second conveying path. As
described in the above embodiment, the sheet folding appa-
ratus can have a function of guiding a turned-back portion of
a sheet to the folded part forming unit, and a function of
changing the direction of the leading end of the sheet to
change the course of the sheet without increasing the size of
the apparatus.
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Aspect B

According to aspect B, in aspect A, aturned-back portion is
formed on a part of the sheet between the first sheet conveying
unit and the second sheet conveying unit by holding a part of
the sheet by the first sheet conveying unit, and by applying
conveying force to the sheet by the second sheet conveying
unit to reverse the sheet upstream in the sheet conveying
direction. A folded part is formed on the sheet by moving the
pushing member from the retracted position to the pushing
position to push the turned-back portion to cause the folded
part forming unit to nip the turned-back portion. According to
this, as described in the above embodiment, the sheet folding
apparatus can perform folding processing properly even in a
case of using a stiff sheet such as thick paper, although the
sheet folding apparatus has difficulty in guiding the turned-
back portion formed on the stiff sheet into the folded part
forming unit.
Aspect C

According to aspect C, in aspect A or aspect B, the leading
end of the sheet conveyed from the first conveying unit is
guided from the first conveying path to the second conveying
path along a guide surface of the pushing member positioned
in the pushing position. According to this, as described in the
above embodiment, a sheet can be conveyed properly from
the first conveying path to the second conveying path without
forming a folded part at the folded part forming unit.
Aspect D

According to aspect D, in any one of aspects A to C, when
the folded part forming unit forms a folded part on the sheet,
the sheet folding apparatus determines whether to move the
pushing member from the retracted position to the pushing
position depending on a thickness of the sheet. According to
this, as described in the above embodiment, the pushing
member is moved only for a sheet that needs guidance of the
pushing member. Energy consumption can be reduced
accordingly.
Aspect E

According to aspect E, in any one of aspects A to C, when
the folded part forming unit forms a folded part on the sheet,
the sheet folding apparatus determines whether to move the
pushing member from the retracted position to the pushing
position depending on a type of the sheet. According to this,
as described in the above description, the pushing member is
moved only for a sheet that needs guidance of the pushing
member. Energy consumption can be reduced accordingly.
When a sheet with a treated surface such as a coated sheet is
used, the pushing member is not moved from the retracted
position to the pushing position, thereby preventing damage
on a part of a surface of the sheet so as not to cause the coating
thereon to come off.
Aspect F

According to aspect F, in any one of aspects A to C, when
the folded part forming unit forms a folded part on the sheet,
the sheet folding apparatus changes a moving amount of the
pushing member from the retracted position to the pushing
position depending on a thickness of the sheet. According to
this, as described in the above embodiment, a guide member
is moved by a necessary moving amount depending on the
thickness of the sheet. Energy consumption can be reduced
accordingly.
Aspect G

According to aspect G, in any one of aspects A to C, when
the folded part forming unit forms a folded part on the sheet,
the sheet folding apparatus changes a moving amount of the
pushing member from the retracted position to the pushing
position depending on a type of the sheet. According to this,
as described in the above embodiment, the guide member is
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moved by a necessary moving amount depending on the
paper type of the sheet. Energy consumption can be reduced
accordingly.

Aspect H

Aspect H provides an image forming apparatus such as the
image forming apparatus 2 that includes an image forming
unit such as the image forming unit 110 that forms an image
on a sheet, and a sheet folding unit such as the folding pro-
cessing apparatus 1 that is provided in an apparatus body of
the image forming apparatus and performs folding processing
on the sheet. As the sheet folding unit, the sheet folding
apparatus according to any one of aspects A to G is used. This
can achieve, as described in the above embodiment, good
folding processing on a sheet on which an image is formed.
Aspect |

Aspect I provides an image forming system that includes
an image forming apparatus such as the image forming appa-
ratus 2 that forms an image on a sheet, and a sheet folding
apparatus such as the folding processing apparatus 1 that is
provided separately from the image forming apparatus and
that performs folding processing on a sheet on which an
image is formed. As the sheet folding apparatus, the sheet
folding apparatus according to any one of aspects A to G is
used. This can achieve, as described in the above embodi-
ment, good folding processing on a sheet on which an image
is formed.

According to the embodiment, when the folded part form-
ing unit forms a folded part on a sheet, the pushing member is
used to push a turned-back portion of the sheet toward the
folded part forming unit. When the folded part forming unit
does not form a folded part on a sheet, the pushing member is
used to change the course of the sheet. That is, when the sheet
is conveyed in the first conveying path from the first sheet
conveying unit toward the second sheet conveying unit, the
pushing member changes the direction of the leading end of
the sheet into a direction toward the second conveying path.
The single pushing member can perform two functions: of
guiding a turned-back portion of a sheet toward the folded
part forming unit; and of changing the course of the sheet.
Compared with a case in which separate members are pro-
vided to carry out these functions, the sheet folding apparatus
according to the embodiment can reduce the number of parts
and additional installation space for the separate members,
thereby reducing the size of the apparatus.

The embodiment provides an advantageous effect that a
turned-back portion of a sheet can be guided toward a folded
part forming unit, and the course of the sheet can be changed
by changing the direction of the leading end of the sheet
without increasing the size of a sheet folding apparatus.

Although the invention has been described with respect to
specific embodiments for a complete and clear disclosure, the
appended claims are not to be thus limited but are to be
construed as embodying all modifications and alternative
constructions that may occur to one skilled in the art that
fairly fall within the basic teaching herein set forth.

What is claimed is:

1. A sheet folding apparatus comprising:

a first conveying path in which a sheet is conveyed;

a first sheet conveying unit that holds the sheet conveyed in
the first conveying path to apply conveying force to the
sheet;

a second sheet conveying unit that is disposed downstream
of the first sheet conveying unit in a sheet conveying
direction, and holds the sheet to apply conveying force to
the sheet;

a folded part forming unit that forms a folded part on a
sheet by nipping a turned-back portion formed on a part
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of the sheet between the first sheet conveying unit and
the second sheet conveying unit;

a second conveying path that bifurcates from the first con-
veying path and in which a sheet on which a folded part
is formed by the folded part forming unit is conveyed;
and

apushing member that is movable between a pushing posi-
tion at which the pushing member pushes the turned-
back portion toward the folded part forming unit and a
retracted position at which the pushing member is
retracted from the pushing position, wherein

the pushing member also serves as a changing unit that
changes a direction of a leading end of the sheet that is
conveyed in the first conveying path from the first sheet
conveying unit toward the second sheet conveying unit
into a direction toward the second conveying path, and

wherein, when the folded part forming unit forms a folded
part on the sheet, the sheet folding apparatus determines
whether to move the pushing member from the retracted
position to the pushing position depending on a type of
the sheet.

2. The sheet folding apparatus according to claim 1,

wherein

a turned-back portion is formed on a part of the sheet
between the first sheet conveying unit and the second
sheet conveying unit by holding a part of the sheet by the
first sheet conveying unit, and by applying conveying
force to the sheet by the second sheet conveying unit to
reverse the sheet upstream in the sheet conveying direc-
tion, and

a folded part is formed on the sheet by moving the pushing
member from the retracted position to the pushing posi-
tion to push the turned-back portion to cause the folded
part forming unit to nip the turned-back portion.

3. The sheet folding apparatus according to claim 1,
wherein a leading end of the sheet conveyed from the first
conveying unit is guided from the first conveying path to the
second conveying path along a guide surface of the pushing
member positioned in the pushing position.

4. The sheet folding apparatus according to claim 1,
wherein, when the folded part forming unit forms a folded
part on the sheet, the sheet folding apparatus determines
whether to move the pushing member from the retracted
position to the pushing position depending on a thickness of
the sheet.

5. The sheet folding apparatus according to claim 1,
wherein, when the folded part forming unit forms a folded
part on the sheet, the sheet folding apparatus changes a mov-
ing amount of the pushing member from the retracted posi-
tion to the pushing position depending on a thickness of the
sheet.

6. The sheet folding apparatus according to claim 1,
wherein, when the folded part forming unit forms a folded
part on the sheet, the sheet folding apparatus changes a mov-
ing amount of the pushing member from the retracted posi-
tion to the pushing position depending on a type of the sheet.

7. An image forming apparatus comprising:

an image forming unit that forms an image on a sheet; and

a sheet folding unit that is provided in an apparatus body of
the image forming apparatus and that performs folding
processing on a sheet, wherein

the sheet folding unit includes:

a first conveying path in which a sheet is conveyed;

a first sheet conveying unit that holds the sheet conveyed in
the first conveying path to apply conveying force to the
sheet;
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a second sheet conveying unit that is disposed downstream
of the first sheet conveying unit in a sheet conveying
direction, and holds the sheet to apply conveying force to
the sheet;

a folded part forming unit that forms a folded part on a
sheet by nipping a turned-back portion formed on a part
of the sheet between the first sheet conveying unit and
the second sheet conveying unit;

a second conveying path that bifurcates from the first con-
veying path and in which a sheet on which a folded part
is formed by the folded part forming unit is conveyed;
and

a pushing member that is movable between a pushing posi-
tion at which the pushing member pushes the turned-
back portion toward the folded part forming unit and a
retracted position at which the pushing member is
retracted from the pushing position, wherein

the pushing member also serves as a changing unit that
changes a direction of a leading end of the sheet that is
conveyed in the first conveying path from the first sheet
conveying unit toward the second sheet conveying unit
into a direction toward the second conveying path, and

wherein, when the folded part forming unit forms a folded
part on the sheet, the sheet folding apparatus determines
whether to move the pushing member from the retracted
position to the pushing position depending on a type of
the sheet.

8. An image forming system comprising:

an image forming apparatus that forms an image on a sheet;
and

a sheet folding apparatus that is provided separately from
the image forming apparatus and that performs folding
processing on a sheet on which an image is formed by
the image forming apparatus, wherein

the sheet folding apparatus includes:

a first conveying path in which a sheet is conveyed;

a first sheet conveying unit that holds the sheet conveyed in
the first conveying path to apply conveying force to the
sheet;

a second sheet conveying unit that is disposed downstream
of the first sheet conveying unit in a sheet conveying
direction, and holds the sheet to apply conveying force to
the sheet;

a folded part forming unit that forms a folded part on a
sheet by nipping a turned-back portion formed on a part
of the sheet between the first sheet conveying unit and
the second sheet conveying unit;

a second conveying path that bifurcates from the first con-
veying path and in which a sheet on which a folded part
is formed by the folded part forming unit is conveyed;
and

a pushing member that is movable between a pushing posi-
tion at which the pushing member pushes the turned-
back portion toward the folded part forming unit and a
retracted position at which the pushing member is
retracted from the pushing position, wherein

the pushing member also serves as a changing unit that
changes a direction of a leading end of the sheet that is
conveyed in the first conveying path from the first sheet
conveying unit toward the second sheet conveying unit
into a direction toward the second conveying path, and

wherein, when the folded part forming unit forms a folded
part on the sheet, the sheet folding apparatus determines
whether to move the pushing member from the retracted
position to the pushing position depending on a type of
the sheet.



